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3.1 Cell Culture System 


3.1.1 Introduction 


In cell culture systems a series of complex processes and techniques are used to 
grow and maintain cells of multicellular organisms ex vivo (lat. = outside of the 
living). The objective is to mimic the original environmental conditions closely 
enough to allow conclusions from cellular behaviour ex vivo to cellular behaviour 
within the organism (physiology, biochemistry, metabolism, cell cycle control 
etc.). 


Cell Culture System has Following Uses :- 


¢ It is used for culture and identification of such microorganisms which can't grow 

on artificial media and requires live cell to grow such as viruses. 

Used for the development of different vaccines and diagnostics. 

It is used to study the expression of different cloned gene. 

Used for the study of toxicity as an alternative to live animal test. 

Here the experimental conditions can be strictly controlled. It provides the 

opportunity for detailed analysis of toxic mechanism of action at the cellular 

level. Results from initial in vitro study can lead to more efficient experimental 

design for animal experiment which could result in economy in terms of money 

and time. 

¢ By employing appropriate metabolic competent cells, organ and species 
specific effects can be evaluated. 

¢ The use of human tissue or cell in vitro systems may lead to more accurate 
comparison between animal and human data using cell system data as an 
intracellular interaction with critical macromolecules and of response. 

* Cell culture system may offer the setting of or observing the effects of 
compounds on cells in an artificial environment without interference by various 
inimical factors present in the intact organisms. 


Cell culture can also be utilized for toxicological testing, assay of by products 
and as models for screening of potential useful materials like antiviral agents, 
antifungal and anticancer agents etc. (Balls and Homer 1982). 


¢ Cell culture allows a significant reduction in number of animals needed and are 
more economical. 


3.1.2 Cell Culture System Types 

¢ Cell culture system involves the culture of cell of a particular organ of animals 
that has grown in artificial media. Though the culture of cell is more difficult as 
compared to the culture of various bacteria and fungi, yet by providing 
appropriate nutrition and environment cell culture is being done successfully. 


¢ There are mainly three types of cell culture system:- 
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. Primary cell culture 
. Secondary cell culture 
. Continuous cell culture. 


. Primary Cell Culture: 


Primary cell culture refers to culture of cells obtained directly from the tissues 
or organ aseptically collected from different apparently healthy animals. From 
these tissues or organs the cells can be disintegrated by mechanical, chemical 
or enzymatic digestion. When these cells are induced to grow in vitro, on 
suitable tissue culture media, cell cultures are formed and is called Primary 
cell culture. 


These cells grown in vitro as adherent monolayer on a solid substrate or as a 
suspension in the medium. From one animal several bottles and flasks culture 
can be prepared. The primary cultures are usually heterogeneous and have low 
growth rate, but are still preferred over the continuous cell lines because these 
are more representative of the cell types in the tissues from which theses are 
derived and in expression of tissue. Actually the cells which form tissues in vivo 
may be of epithelial, connective, muscles and nervous types. When explant 
from any part of the body is taken it will contain cells belonging to one or other 
of the above mentioned types. But when the cells are cultured in vitro these 
are placed in a totally different environment and the factors which previously 
determined their characteristic structure. And activities in vivo no longer 
operates. Thus, the loss of histological organization which occurs in cell 
cultures is often accompanied by loss of the specific structural and functional 
attributes (which typified the individual cells in the intact animal). The cells 
which were recognizably different from each other in vivo may appear very 
similar in culture. The morphological structure of cells in culture may be of 
following types:- 


Epithelium type:- Epithelial cells are polygonal, forming sheets, cells multiply 
mitotically forming a continuous thin layer, often one cell thick, i.e., 
monolayer, when a suitable surface is available to them, such as glass surface, 
plastic etc. 


Epitheloid type :-Certain cells have round outline and resemble epithelial 
sheets but do not form sheet. 


Fibroblast type:- Fibroblast generally have a more angular shape than epithelial 
cells. It is thin and elongated, regularly oriented parallel to each other with 
several pointed processes. These form open network of cells rather than a 
tightly packed cells. After infection, become randomly oriented and circular. 


Connective tissues type:- These include the true connective tissue i.e., fibrous 
tissue, cartilage and bone. In vivo these are characterized by having large 
amount of fibrous and amorphous extracellular materials. The haemopoietic 
tissues i.e., bone marrow and lymphoid tissue, which are densely populated by 
a variety of cells of the myeloid and lymphoid series are supported by a mesh of 
fine collagen and reticular fiber. 
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_— Tissue 


| (1) Mince tissue into 
small fragments ») 
(2) Incubate with a 


protease (trypsin) 
to disperse cells 


(3) Place fragments into 
flask with growth media; 
allow cells to grow 


| (4) Cells settle on surface of 
glass and grow into a 
confluent single layer, 
termed a monolayer 


Lape 


Monolayer 
Fig: Preperation of Primary Cell Cultures 
. Secondary Cell Culture : 


The cells of primary cell culture may not last long due to various factors such 
as, depletion of nutrients and accumulation of metabolites etc. Thus, for its 
survival it is essential that it should be subcultured in a separate tissue culture 
vessel having fresh medium. When subculture is done from primary monolayer 
culture it is called 


Secondary Cell Culture. Subculture means transferring of cell from primary cell 
culture by taking adherent cells by enzymatic digestion. For this the adherent 
confluent monolayer of primary cell culture are rinsed twice with calcium- 
magnesium free physiological buffer saline (PBS) and then treated with Trypsin- 
Versene Glucose Saline (TVGS) solution. The excess fluid is drained off and the 
flasks and bottles are incubated at 3] 70C for 10-15 minutes with the residual 
TVGS. The cells are dispersed by pipetting several times and 106 cells per m!. 
and then resuspended in appropriate volume of growth medium (Dulbecco's 
MEM) containing 10% foetal calf serum. 


The cells are further seeded as required into Screw -capped tubes, Leighton 
tubes and Roux flasks with I, 2 and 100 ml quantities respectively. The seeded 
glasswares are incubated at 37°C and observed every hour for 24 hours interval 
under an inverted microscope until confluent monolayers are formed. These 
days secondary cell cultures are very popular because of their easy availability, 
maintenance and growth. These are quite useful in virological, immunological 
and toxicological research. 
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3. Continuous Cell Culture: 


Continuous cell cultures are available in the form of immortal cells which can 
be grown many times in artificial media. It has several advantages:- 


¢ It has increased growth rate 

* Reduced serum dependence 

* Reduced anchorage dependence and 
* Has increased cloning efficiency. 


3.2 Natural surroundings of Animal Cell 


3.2.1 Introduction: 


A living cell is the fundamental unit of living organisms, of both the plants and 
animals. It is a self - assembling, selfreplicating and self-regulating tiny bags of 
lipid bilayer enclosing discrete organells. The natural surrounding of the cell is 
the local biochemical, physiological and physiochemical milieu directly 
affecting the growth of the cells and their metabolism. 


All living cells are considered to have open chemical system (i.e., a system in 
which both matter and heat can exchange with the surroundings) of organic 
molecules operating on the principle of maximum economy of parts and 
processes. It promotes many consecutive linked organic reactions for the 
transfer of energy and / or the synthesis of its own components by means of 
organic catalyst that it produces itself. Being an open chemical system, each 
cell has a continuous exchange of chemicals and energy with its immediate 
outside medium called the external environment. 


The different behaviour of cells i.e., attachment, spreading, motility and 
biosynthetic capabilities are influenced by their natural surroundings. The cells 
remain busy in performing respiration (glycolysis), energy liberation (ATP) and 
in synthesis of energy rich compounds (ADP +pi +energy). The energy that cells 
absorb from their environment is transformed into chemical energy as living 
organism follows the rule of thermodynamics. 


The first law of thermodynamics states that if a system exchanges heat with or 
does work on, its surroundings, then a change in its internal energy occurs. This 
energy can neither be created nor destroyed. Living organisms thus cannot 
consume or use up energy, they can only transform one form of energy into 
another form. Wilson and Morrison (1966) suggested that the cell is an 
integrated and continuously changing system and when it ceases to be a cell in 
biological sense it becomes merely a mass of disintegrated matter. 


3.2.2 Natural Surroundings of an Animals Cells: 


In its natural surroundings, an animal cell is in close contact with Other cells 
through the: 


¢ Extracellular Medium 
¢ Extracellular Matrix 
* Cell Adhesion Molecules 
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¢ Cell J unctions 
* Cell-Cell Interactions 


A. Extracellular Medium and Cellular Exchange: 

Extracellular medium around the body cell consists mainly of (NaCl) dissolved in 
water. Its other constituents are carbonate (C03), bicarbonate (HCO3), phosphate, 
sulphate of potassium, calcium, magnesium, chloride, iron, zinc, manganese, some 
organic acids and few proteins. 


Extracellular mediums should have the following things for the survival of cells: 
Nutrients, Carbohydrate, Lipds and its Derivatives, Aminoacids, vitamins, and 
Minerals. 


2. Hormones: 

The binding of the hormone to the cell surface receptor activates one or more 
second messengers, such as cyclic AMP (3'5' -AMP). The second messenger is 
thought to activate another intracellular enzymes, protein kinase, which will 
influence the transport of cholesterol into the mitochondria. Receptor for steroid 
hormones are inside the cell. As the steroid hormones are fat soluble, so theses are 
able to enter in all cells of the body because the lipid cellular boundaries present 
no barrier to the steroid. 


3. Plasma: 

Plasma is a vital nutrient, which should be available in the environment of cells. 
Plasma is a constituent of blood, but itis devoid of the cellular parts of blood i.e., 
RBC, WBC and platelets. The various factors present in the plasma are protective 
system and plasma mediated kinin systems. 


The protective system which enables the cell to survive and it prevent from the 
attack of various micro-organisms, such as bacteria, viruses and fungi. The plasma 
contains all the nutrients listed above. 


4, Cytokines:- 

Some of the activities of immunocompetent cells are performed by the release of 
various soluble mediators, which are distinct from the antibodies. Such a class of 
substances is produced by stimulation of either lymphocytes or monocytes in vitro 
under different experimental conditions. All these cellular products had been 
collectively called "lymphokines" by Dumond et al. (1969). The cytokines produced 
by lymphocytes are also called "lymphokines'(Oppenheim and Rosenstretch 1976) 
whereas macrophage / monocyte are also capable to release mediators called 
"monokines" (Beller and Unanue 1977). Recently term "Interleukin" has been 
proposed for some of the mediators which acts between cells of immune system. 
Cytokines have a vital role in the initiation and regulation of various immune 
response (Kroemer et al. 1993) and is an important component for regulation of 
cell growth and differentiation. 


5. Interleukin-I(IL-I):- 

Interleukin-1 is a cytokine which was discovered by Gery et al. (1972). It is 
produced by the stimulated macrophage and monocytes. It has been found that it 
is also released by various other cell types, such as, lymphocytes, fibroblasts and 
endothelial cells. 
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6. Waste Material :- 

The different cells are also surrounded by the wastes and toxic materials which are 
produced by the cells itself. The surrounding fluids help to remove these waste 
and toxic materials and thus prevent the cell from its deleterious effects. The 
main waste materials are, nitrogenous waste, like urea, uric acid, toxins, nitrates, 
ammonia, sulphate and phosphates etc. 


7. Buffers:- 

The cells are vary sensitive to pH of their environment. Intracellular and 
extracellular fluids of living cells contain conjugate acid-base pairs which acts as 
buffers at the normal pH of these fluids. So, the buffers present in the plasma 
helps to regulate the pH. A buffer system is one which can accommodate the 
addition to it of moderate amounts of acids or base without marked change in its 
hydrogen ion concentration . 


8. Growth Factors:- 

Growth factor is an organic compound which a cell must contain in order to grow 
but which it is unable to synthesize (Biggers et al. 1957). Different cells vary 
widely in their growth requirements, this differences in the requirement reflect 
differences in the synthetic ability of the cells. Growth factors are present in 
nanogram and pi!=ogram per millilitre of serum. These are proteins of highly 
specialized nature. These act as signals and facilitate cell proliferation and 
differentiation. 


9. Epidermal Growth Factors (EGF):- 

These are isolated by Stanley Cohen in 1960 from sub-maxillary gland of mouse and 
are responsible for cell proliferation. It is also present in human urine. EGF 
isolated from human urine was initially named ~urogasterine. It differs from 
mouse EGF in that it has different amino acid composition, a more neutral 
isoelectric point and a small molecular weight (5300-5500 kDa). 


B. Extracellular Matrix: 


It is the immediate surroundings of the animal cells in tissues of multicellular 
organism. As the animal cells have no cell wall and so these are surrounded by a 
complex intracellular substance called extracellular matrix, whose constituents are 
secreted by the cells themselves. In various animal tissues the extracellular matrix 
is composed of several common components, such as fibrous structural protein, a 
large mucopolysaccharide and covalently linked polysaccharides, proteins in the 
form of proteoglycans, glycoproteins (mostly protein) and hyaluronan or hyaluronic 
acid. 


C. Cell-adhesion Molecules: 


Cell adhesion molecule is the link between the cell-cell interaction and 
extracellular molecules (Wilson 1996). Signalling through cell adhesion molecules 
have long been of interest because of their importance in embryonic development, 
homeostasis, immune response, wound healing and malignant transformation, 
however, it is only recently realized that cell adhesion molecules are capable of 
transducing biochemical signals across the plasma membrane to regulate cellular 
functions. 
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These are the different types: 
Integrins 

Selectin 

Cadherins 

Immunoglogbulin Superfamily 


(D). Cell J unction: 


Specialized cell junctions occupy at many points of cell-cell and cell matrix 
contact in all times. It provides cell-to-cell communication and the exchange of 
small molecules between cells. Cell junctions can be classified in to three 
functional groups: - 


Tight J unction 
Anchoring Junction (Desomosomes, Intermediate filament junction). Glial 
Filaments, Gap J unctions 


E. Cell-Cell Interaction: 


Cell-cell interaction directly between cells as well as between cells and the 
extracellular matrix are crucial in the development and function of multicellular 
organisms. It depends on the various soluble and insoluble factors. 


Soluble Factors:- 


This is due to the various secretions and their target sites. These secretions may be 
autocrine, paracrine or endocrine. In autocrine signalling cells respond to 
substances they release themselves e.g., different growth factors by a responsive 
cell leading to continuous auto stimulation of cell division and thus the cancer cells 
are less dependent on growth factors from other cell. Insoluble 


3.2 Metabolic Capabilities of Animal Cell 


3.2.1 Introduction 


e Metabolic capabilities of the animal cell depend on the ease with which it can 
gain material from, or loose materials to, its surrounding environment. 
Transport of molecules across the membrane is regulated. The purpose of the 
hectic flow of the molecules and ions in and out of the cell is to facilitate 
defined molecular reactions, which beautifully orchestrate the rhythm of 
cellular chemistry, the key to the wellbeing of cells and in turn the fitness of 
the tissues that are formed from those cells and further organs that are 
constituted from tissues. 

e A cell can only grow and function if its requirement for oxygen, ions, 
aminoacids, vitamins, and a score of other chemical substances are met, and 
the waste or secretory products of its metabolism are removed. For these 
activities, cell possess a dynamic structure called cytoplasmic membrane, 
whose evidence is available from tracer studies concerning the rate of renewal 
of membrane components. The cytoplasmic membrane performs two important 
functions. First is the "Selective permeability" and the second is the "Exact 
defined mechanism" which provide surface for the location of membrane bound 
enzymes. 
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3.2.2 Metabolic Capabilities of Animal Cell: 
The metabolic capabilitities of the cells depend upon the following factors: - 


1. Chemical Exchange 

2. Membrane Permeability 

3. Transport Mechanisms 
(i) Active Transport 
(ii) Passive Transport 

4. Anabolism 

5. Catabolism 

6. Bioenergetics. 


1. Chemical Exchange 

Every cell is surrounded by a plasma membrane. It constitutes a barrier between 
cell cytoplasm and the extra cellular factor (ECF). Transport across the plasma 
membrane may involve two aspects- membrane permeability and actual 
mechanism of transport. 


2. Membrane Permeability 

The permeability is selective. Only the nutrients like salts, hormones, 02 and 
essential materials are permitted from outside to cross the plasma membrane to 
reach the cytoplasm. Harmful metabolic wastes, such as CO2, nitrogenous wastes 
etc. are allowed to pass out across the membrane. The permeability of the 
membrane is due to the presence of lipid layers in its structure. Lipid soluble 
substances can pass through the membrane more readily than water soluble ones. 
Such as, a lipid-soluble fatty acid can pass through the membrane much faster 
than water soluble hydrochloric acid of the same concentration. 


3. Transport Mechanisms 

Membrane of the cell forms physical boundaries between organelles and cytoplasm 
and between the cell and extracellular fluids. Transport of molecules across the 
membrane is regulated. Some molecules are passively and others are actively 
transported. Passive and active transportes in various membranes help cells to 
regulate their volume, internal pH and ionic composition. They concentrate 
metabolites which are essential for energy metabolism and_ biosynthesis 
concomitantly excluding toxic substances. 


(i) Passive Transport :- This includes physical mechanism in which the forces that 
derive the substances across the membrane are supplied from the environment of 
the cell. This type of the transport requires neither activity nor energy 
expenditure by the cell. Passively transported molecules, such as ions, some 
solutes and water pass through the lipid bilayer by the process of diffusion, or 
pores bordered by channel proteins which have central core of water molecule or 
binding to transport protein that carry the substance across the membrane and 
release on the other side. 


(ii) Active Transport:- This mechanism is energy-dependent, forcibly transports a 
molecule against concentration gradients i.e., they ran “uphill'’ along a 
concentration gradient and is effected through carrier proteins. It has the 
following characteristics: - 
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¢ Active transport depends on source of metabolic energy ATP. This can be 
exemplified by giving example of transport of K+ and Na+ between RBC and 
plasma. RBC has high concentration of K+ and relatively low concentration 
of Na+ whereas plasma around the RBC has low K+and high concentration of 
Na+. Since the membrane of the RBC is permeable to both sodium and 
potassium ion, these tend to move down the gradient. But, Na+ and K+ 
diffusing down the gradient are pumped back. Since pumping in both the 
cases is against the concentration gradient, energy is required to do the 
work which comes from the glycolytic cycle. 


¢ Active transport is solute specific transport system, such as RBC of some 
mammals transport D-glucose inward rapidly whereas transport of D- 
fructose is very slow. 


4. Anabolism 


Anabolism is the building or biosynthetic phase of metabolism. The enzymatic 
biosynthesis of various molecular components of cells as nucleic acids, proteins, 
polysaccharides and lipids take place from their simpler building block 
precursors. Biosynthesis of organic molecules from simple precursors require 
input of chemical energy which is furnished by the ATP generated during 
catabolism. So, in anabolism the above mentioned complex cellular 
components synthesized by the cells are utilized for growth, repair, secretion 
and other functions. This biosynthesis is the constructive phase of the cell 
metabolism. Cells consume energy in this process. Anabolism is energy 
conserving or endergonic process. 


. Catabolism 


Catabolism is the degradative phase of metabolism in which relatively large and 
complex nutrient molecules such as carbohydrates, proteins and lipids, coming 
either from the environment of the cell or from its own nutrient storage depot 
are degraded to yield smaller, simple molecule, such as lactic acid, acetic acid, 
carbon dioxide, ammonia and urea etc. Catabolism is accompanied by release 
of the chemical energy, inherent in the structure of organic nutrients, 
molecules and its conservation in the form of the energy transferring molecule 
adenosine triphosphate (ATP). So, in catabolism large molecules are broken 
down to small molecules releasing energy required for cellular function. This 
process is mainly performed in mitochondria. Catabolism is energy - releasing 
or exergonic process. Thus metabolism is the sum total of energy gained and 
released ina living cell. 


. Bioenergetics 


All living cells require energy for synthesis of cellular components and for 
carrying out various functions such as uptake of material, growth, development 
and movement. Cells are dependent on a supply of energy from the outside and 
continuously utilize energy to maintain their structure. The energy cycle of 
living beings is bioenergetics. Green plant can utilize energy from sunlight to 
form carbohydrate from carbon dioxide and water (Photosynthesis). This may 
be summed up like: 


Plant cells --* Solar energy --* Green plant 
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¢ Animal cells on the other hand are devoid of chlorophyll. These cannot use 
solar energy to synthesize carbohydrates and therefore they have to depend 
upon plants or animals. Approximately 60% of energy difference is immediately 
converted to heat energy. 


¢ ATP is composed of adenine, ribose and three phosphate group and is thus a 
nucleotide with two extra phosphate group.ATP is relatively unstable molecule, 
and the outer most phosphate group can easily be split off by hydrolysis. The 
end product of this reaction. Adenosine diphosphate (ADP) and inorganic 
phosphate (Pi' the anionic part of phosphoric acid) contain much less energy 
than the reactants ATP and water, consequently, energy is released and 
utilized to drive other reactions in the cell: 


ATP.+H20 ~ADP +Pi +energy. 


3.3 Commonly used Cell Lines and their Uses 


3.3.1 Introduction: 


¢ For the first time the need of cell culture was felt for the growth of different 
viruses for their studieli, put now-a-days various mammalian cell cultures are 
used for the production of biologically active substances in large scale. Until 
the mid 1840, the technique for vaccine production was in infancy. Negri 
developed small pox vaccine by collecting skin of calves or sheep affected with 
small pox as source of virus. 

¢ An important breakthrough in cell culhue technology came in 1950 when 
chicken embryo and tissue culture paved the way for vaccine production. With 
the advancement in tissue culture technology, use of continuous cell line have 
taken a long strides in evolving different cell lines for various uses like bulk 
vaccine production, growth of different viruses, to study the gene expression, 
anti cancerous agents, production of different biologicals and pharmaceutical 
agents and other drugs which may have cytotoxic effect. 

¢ Though the preferential use of cell culture of bovine, canine and swine origin is 
undoubtedly more accepted for homologous vaccine production, yet the use of 
heteroploid line from normal healthy and free from oncogenicity, have been 
used because these grow faster, give more cells and can also be grown in 
suspension. 

¢ The cell line MAIO4 (derived from rhesus monkey kidneys) has been proved to 
be an efficient cell line for cultivation of rotavirus. Various cell lines help in the 
study of pattern of release of different microorganisms, e.g., secondary 
chicken embryo fibroblasts infected with Rickettsia prowazkii are packed with 
rickettsia 72-96 hours after infection, at which times some of the cells suddenly 
break up. 

¢ Release continues for many hours where as in Rickettsia rickettsia as early as 
one hour of infection intact cells begins to release infectious rickettsia. 
Rickettsia fail to accumulate in host cell cytoplasm, there is a substantial 
buildup of rickettsia in the growth medium and there is rapid spread of initially 
uninfected cells (Wisseman et al. 1976). 
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3.3.2 Types Cell Lines Used: 
Different cell lines developed from normal and neoplastic cells of human origin, 
cell line from normal and neoplastic animals and mammalian cell lines excluding 
human and marsupial have been listed in below tables: 
Neoplastic cells of human origin: 

Neoplastic Cells of Human origin : 


Carcinoma (Pharynx) HEP-2E 


Carcinoma (larynx) HEP-2I 
Adeno carcinoma 
(lungs) LAC-E Maben 


Lymphosarcoma (lung) _ Detroit-116P 
Carcinoma (lymph node) HEP 3-E 
Carcinoma (mouth) KB 

Reticulo endothelial H.Em 


Normal animal cell lines: 


Normal Animal Cell Lines: 


Bovine kidney RB1-E 
Bovine kidney MDBK-F 
Bovine Embryo - 

Diaphragm ND-E 
Pig Kidney PK-15 


Neoplastic animal cell lines 


Neoplastic Animal Cell Lines: 


Carcinosarcoma of rat Walker 256 
Sarcoma of mouse S- 180 
Myeloma of mouse MPS-11 
Lymphosarcoma of MB-111 
mouse 


Genetically Homogenous Cell Strain: 


1. Pure mammalian cell strain designated 'L' was clonally derived by Sanford et al. 
(1948) from an established fibroblast strain originally explanted from 
subcutaneous tissue of a C3H mouse. 

2. Strain HeLa cells - a stable strain explanted from an epidermoid cervical 
carcinoma by Gey (1952) and established continuous cell culture used 
cultivation for Polio virus. 

3. KB cell line from human epidermoid carcinoma tissue by Eagle (1955). 

4. Maben cells :- Transfer to glass of cellular sediment from a patient with 
metastatic pulmonary adenosarcoma by Friesh et al (1955) yielded a strain 
presumably malignant human epithelial cell (Maben)(Berman et al. 1957). 
Maben cells were resistant to low pH and sensitive to alkalinity and lipemic 
serum. This can be successfully preserved at -700 C derived from malignant 
human 
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LT, 


12, 


epithelial cells. 

H. Ep# from epidermoid cervical carcinoma - a stable strain derived by 
Sabachewsky & Toolen (1955) and carried in irradiated and corticonized rats. 

H. Ep#2 derived from plasma clot culture of pharyngeal epidermoid carcinoma 
by Fjeldo (1955). 

H. Ep#3 derived from lymph node invaded by metastasis from buccal 
epidermoid carcinoma. 

H. Emb. Rh# derived from embryonal Rhabdomyosarcoma. 


. Detroit cells:- Berman et al. (1955) isolated Detroit strains of human cells. 


These were Detroit 6, 32, 34, 52, 98, 30A, 56 A and 116P. The Detroit - 6 strain 
is epithelial like cells arose in bone marrow culture after 51 days of incubation 
as cellular plaque among proliferating fibroblasts. Detroit 32 and 34 from 
culture of sternal marrow of patients having primary and metastatic carcinoma. 
Detroit 52 and 98 from culture of sternal marrow from patients having 
malignant disease. Detroit 30A and 56A from direct culture of carcinomatosis 
peritoneal fluid. All eight cultures were used for growing viruses Adeno, ECM, 
ND and Polio viruses. 

DMB and Dhov are stable cell strains from human nasal mucosa derived by 
J ordan (1956). 

Fl Human fibrinosarcoma strain. 


3.3.3 Use of Different Cell Lines 


In 1949 Enders et al. started new era when they showed that poliovirus could 
be grown in non-nervous cell with the production of cytopathic effect. First 
biotechnological application of animal cell culture started with the 
development of poliovirus vaccine in the Salk Institute in 1954, using mouse 
kidney cell culture. 


Hayflick and Moorehead (1961) opened new era for the production of mumps, 
measles and rubella vaccine by using human diploid cell. BHK-21 cell lines has 
been grown in suspension upto 1000 litre tanks resulting in higher yield of cells 
and viruses and thus is more economical for production of vaccines. 


Sharma et al. (1985) used BHK-21 cell line for isolation of FMD virus. Nowadays 
cell culture is being used in recombinant DNA technology in vaccine 
development and use of naked DNA as viral vaccine. 


Dog kidney has been used for th reproduction of canine distemper vaccine 
whereas cow kidney cell culture has been used for FMD vaccine production. 
There are several cell lines which are being used for vaccine production. The 
details of various vaccines expressed in mammalian cell culture have been 
depicted in Table. 
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Sl. | Gene Cell Culture System | Expression Vector 

No. | Expressed 
Bovine papilloma virus 
cell 


CHO cell line 
C-127 cell line 
CHO cell line 


HIVgp160 ane 


BHK Cell Line:- 

Has been derived from embryonic Syrian hamster kidney cell. The cells are normal 
and show aneuploidey. The cells are fibroblastic cell in morphology. This has been 
used for the expression of hepatitis B surface antigen (HbsAg) and interleukin-2. 


HeLa Cell Line:- 

Derived from adult human cervical tissue. These cells are neoplastic and show 
aneuploiedy. Gene expression by RNA viruses was studied in the polio infected 
Hela cell. 


W138 :- 

This is an embryonic human fibroblast cell line derived from normal cells from 
lungs. These cells are diploid and used for surface adherence property of normal 
and malignant cell membrane. 


. There are many application of cell cultures, which are as follows: 


|. The cell culture technique has provided us many viral vaccines. 

Il. (ii) It has provided greater insight into the understanding of neoplast and 
cancer research. 

Ill. (iii) Human growth hormone, insulin, interferon and some recombinant viral 
vaccines can be produced by exploiting cell culture technology. 

IV. (iv) Cell culture has enhanced our understanding of cell interactions and 
intracellular control mechanism in cell differentiation and development. 

V. (v) Cell culture can be used to study the toxic effects of pharmaceutical 
compounds and potential environmental pollutants and toxins. 

VI. (vi) It has become important tool to study apoptosis, location, trafficking and 
function of gene products. 

VII. (vil) The successful demonstration that cultured epidermal cells may form 
functionally differentiated sheets and endothelial cells may form capillaries 
has opened up new vistas in homo grafting and reconstruction surgery using 
an individual's own cells. 

VIII. (viii)The somatic cell cloning has demonstrated the possibility of cloning the 
entire animal/ human. 

IX. (ix) Expression of heterologous genes coding for proteins of interest in an 
appropriate system of expression has emerged as a powerful tool for large 
scale production of proteins for diagnostic, immuoprophylactics purposes. 
For biological and futlctional studies, large amounts of proteins are required, 
which is facilitated by bacterial expression system and Escherichia coli was 
found to be the most favoured organisms for expression of many proteins 
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because of ease of genetic manipulation, high rate of cell growth and cost 
effective cultural condition. 

X. (x) Productive virus infection in cell culture is done as some viruses may 
cause transformation without giving productive infection. 


MEL- Cell Line :- 
Derived from murine erythroleukaemia and is model system for erythrOid 
differentiation. 


K-562:- 
It is a human erythroleukaemia cell line used to express both erythroid or mega- 
karyocytes. 


Pc-12 Cell Line:- 

It is useful model system to investigate the molecular mechanism underlying 
neuronal differentiation and has been extensively used for the study of molecular 
events that underline the biological actions of nerve growth factor. 


3.4 Transplantation of Cultured Cell 


3.4.1 Introduction 


¢ Transplantation of cultured cell is one of the most fascinating areas of 
biotechnology. Transplantation method assumes that the next best alternative 
to a tissues normal environment is a similar environment in another host. The 
cell base strategies to treat diseases is often referred to as regenerative or 
reparative medicine. 

¢ Where a large part of skin or organ have been damaged due to injury, the 
required cells can be grown and transplanted on the affected organs, giving 
relief to the patients. With the advancement of tissue culture, it has become 
possible to culture different cells in vitro and these cultured cells can be 
transplanted wherever desired and thus a long standing dream of surgeons i.e., 
“organ without donors" was fulfilled. 

¢ Various human tissues for direct cell culture is available as surgical and 
obstetrical material, particular attention has been paid to cells obtained from 
human amnion (Ziteer et al. 1955), amnion and chorion (Lahelle, 1956) and 
fallopian tubes (Pizam et al. 1956). The relationship involved in the rejection of 
graft in higher animals are now clearly recognized. 


3.4.2 Different transplantation/graft reactiions: 


¢ Medawar (1958) classified the different graft reaction which are as follows: 
Isograft:-When graft is transferred between genetically identical (syngenic) 
individual. 


¢ Autograft:- 
Graft obtained from one part of the body and transplanted on the other part of 
the body of same individuaL 


¢ Allograft:- 
This involves the transfer of graft between different individual of same species. 
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Xenograft:- 
Transplantation of tissues between two zoological classes i.e. from pig to man 
(Albrink and Greene 1953). 


3.4.3 Different Cultured Cell Transplantation: 


1. 


Cultured Stem Cells and Bone Marrow Transplantation: 


Stem cell culture is providing promising area of biotechnology to investigate the 
possibility of cell-based therapies to treat a disease, often referred to as 
regenerative or reparative medicine. Stern cells are pluripotent cells which 
retain the potential of differentiation in other cell types and can form many 
different cell types of body. This is an uncommitted cell that remains 
uncommitted unless it receives signal and to develop into a specialized 
cells/ tissues in the body. 


There are two types of stem cell i.e. adult stem cells and embryonic stem cells. 
Adult stem cells reside in the adult tissues and are either unipotent or 
multipotent. The primary role of adult stem cells in a living organisms are to 
maintain and repair the tissues in which they are found. These cells have more 
restricted option, often able to select a differentiation programme from only a 
few possible pathway. The embryonic stem cells are derived from the inner cell 
mass of the blastocytes and in a few instances from cleavage stage of embryo. 
The promises of embryoniC stern cell lies in their ability to pluripotent and 
develop into any cell/ tissue type in the body. 


Bone marrow transplantation: 


For bone marrow transplantation the stem cells used are called haematopoetic 
stem cells. These stem cells first appear in the yolk sac and then migrate to the 
liver as the fetus develops. In the fetus the blood cells are created in the liver 
but soon after birth; they are produced exclusively in bone marrow. These stem 
cells can be isolated stored and cultured. 


2. Transplantation of Cloned Tissues: 


Advances in mammalian cloning have proved that somatic cell nucleus can be 
reprogrammed to a state of totipotency by transferring it into oocyte. This 
technique is popularly known as somatic cell nuclear transfer (SCNT). Though 
SCNT has been successfully applied to produce clone animals in a wide range of 
species including sheep, cattle, mice, goats and pigs (Polejaeva et al. 2000) yet 
cloned tissues are also used for the transplantation purposes. 


Advances in mammalian cloning have proved that somatic cell nucleus can be 
reprogrammed to a state of totipotency by transferring it into oocyte. This 
technique is popularly known as somatic cell nuclear transfer (SCNT). Though 
SCNT has been successfully applied to produce clone animals in a wide range of 
species including sheep, cattle, mice, goats and pigs (Polejaeva et al. 2000) yet 
cloned tissues are also used for the transplantation purposes. Cloning has been 
allowed strictly for medical reasons and not for reproductive reasons, which 
remains banned. 
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3. Transplantation Experiments are Being Carried to Cure the Various Diseases:- 


Parkinson's Disease and Neural Graft:- 

Parkinson's disease is characterised by the disturbance in the posture which is due 
to the defect in spinal cord. So, this can be treated by the adrenal medulla cells 
cultured in vitro in suitable tissue culture media. 


Treatment of Immunosupressed Patients: - 

Generally the various drugs used in cancer patients have immunosuppressive 
effects. Thus patients become prone to infection not only with the established 
pathogens but with the so called opportunistic micro-organisms also. So in these 
case cytotoxic T-lymphocytes can be produced by cell culture and these can be 
transplanted to the immunosuppressed patients. After transplantation the 
immunosuppressed patients can be prevented from the attack of infecting micro- 
organisms especially cytomegalovirus. 


4. Transplantation of Recombinant Proteins:- 


Various recombinant proteins can be synthesized and cultured in cell culture which 
can be transplanted to human beings for various therapeutic purposes. 


5. Chondroplast Transplantation:- 


Scientists have also succeeded to culture chondrocytes from the same patients by 
taking unused cartilage and transplant to patients having various types of arthritis. 
Recently Lee et al. (2007) have suggested for the production of miniature animals 
for use in organ transplantation. 


Future Needs of Cell Culture for Transplantation: 


¢ Vascular prosthesis (Artificial limbs). 

¢ For repair of urinary bladder. 

* For pancreatic islets to treat diabetes. 
* For heapatofunction. 

* For treatment of muscle disease. 


3.5 Application of Animal Cell Culture in Gene Expression studies 


1. Study of Gene Expression - 


¢ The ability to express cloned genes in animal cell has been essential to studies 
of the regulation of the eukaryotic genes. Expression of such eukaryotic genes 
in a homologous eukaryotic system has the advantage that the expressed 
protein has been correctly folded and glycosylated, something, which cannot be 
guaranteed to heterologous prokaryotic expression system. The ability to 
introduce specific fragments of DNA into cultured animal cells has been used to 
identify and analyze non-protein coding regulatory elements which control the 
expression of particular genes, to analyze the role of specific gene products in 
vitro, for the in vitro production of proteins for biochemical analysis and to 
study the functionally important domains of many enzymes, proteins and cell 
receptors. 
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. Biotransformation:- 


Biotransformation is generally done to achieve various desired proteins and 
biopharmaceutical products. So cell culture is one of the major application for 
the expression of gene. 


. Production of Secondary Metabolites:- 


In the production of secondary metabolites generally the suspension culture 
and immobilized plant cells are produced by the gene expression in the case of 
animal and plant cell culture. Various antibiotics, which are the genetic 
expression of different microorganism are the product of secondary 
metabolites, such as penicillin by Penicillium chrysogenum, purronitrin by 
Pseudomonas aureofaciens, gibberellin by Gibberella fugileuroi, ~lactam 
antibiotics by Cephalosporium acremonium and gramicidin by Bacillus brevis. 
Special secondary metabolites obtained due to the expression of gene in cell 
culture are Transplasminosen activator (tPA), Factor VIII and Insulin etc. 


. Mutant Selection:- 


Most mutations occurring in the cells consists of structural changes in a protein. 
These mutations can be observed directly by various physical changes of the 
protein, such as isoelectric point, electrophoretic mobility and heat stability 
etc. or directly by aminoacid changes. For selection of the such mutant genes 
animal cell culture may be used. 


. Single Cell Protein (SCP) :- 


Single cell protein (SCP) is a microbial biomass produced by the algae, fungi 
and yeasts. Protein occurs naturally both in vegetable and animal kingdom. 
Protein supply essential building blocks for the formation of tissue protein, 
blood protein, hormones, enzymes and antibodies. It is not the exaggaration of 
the fact that the protein requirement of the rising population will not be met 
with the available vegetable and animal protein in future and thus there is 
need for alternative source of protein to meet the protein hunger. 


It is difficult for higher plants to use atmospheric nitrogen for the synthesis of 
proteins. On the other hand algae, fungi and yeasts utilize free nitrogen to 
build up the required protein. Yeasts may produce two and half times its 
weight of protein per day. 

Scientists have therefore turned their attention to this new area and they have 
found that new strains of microbial digestion of protein results into conversion 
into protein bodies which are nitrogen free. In other words petroleum 
distillates in presence of nutrients may be turned into what is Known as single 
cell protein using certain firms of microbial yeast. About half of the petroleum 
is utilized in this method and the other half wasted into CO2 and heat energy. 


. Gene Therapy and Gene Cloning :- 

Use of different cell lines for the expression of gene is the major tool of gene 
therapy and gene cloning. The general strategy of gene therapy is to introduce 
a normal Cdna allele into the affected cells of patients. In some cases gene can 
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be introduced into the target cells (lymphocytes) that can be maintained in 
culture and then returned to the patient. 


. Transgenic Animals and Plants:- 


Various cell culture is required for the expression of genes in transgenic animals 
and plants. The ability to introduce genes into the gem line of mammals or 
plants is of the greatest technical advances in biotechnology. The result of 
gene manipulation are inherited by the offspring's. Transgenic mammals have 
provided a means for studying gene regulation during embryo genesis and in 
differentiation, for studying the action of oncogenes and for studying the 
intricate reactions of cells in the immune system. 


. Biologically Active Useful Compounds:- 


Certain biologically active compounds are produced in cell culture as a result of 
gene expression, e.g. Interferon (IFN). 


. Study of Microbes:- 


Different cell lines have been used to study gene expression, cell biology, 
virological and prion disease (Harris 1999) and at the same time to study the 
pattern of release of different micro-organisms (Wisseman et al., 1976). 


10. Miscellaneous:- 


These days recombinant genes are used for the production of various drugs and 
enzymes in cell culture for research and commercial purposes. These days gene 
expression is essential to measure the activity of gene in a cell or tissue. By 
comparing the activity of healthy and diseased tissues or by analyzing pattern 
of gene expression, researchers aim to identify which genes may serve as 
markers or predictors of various disease, including cancer, or which may 
present potential targets for drug intervention. 
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UNIT-IV: RADIATION TECHNIQUES IN BIOLOGY 


4.1 GM (Geiger-Muller) Counter - Description and Applications 


4.1.1 Introduction 


e The Geiger-Muller counter, also called a Geiger counter, is an instrument 
used for measuring ionizing radiation. 

e It detects radiation such as alpha particles, beta particles and gamma rays 
using the ionization produced in a Geiger-Muller tube, which gives its name to 
the instrument. ™ In wide and prominent use as a hand-held radiation survey 
instrument, it is perhaps one of the world's best-known radiation instruments. 

e The original detection principle was discovered in 1908, but it was not until the 
development of the Geiger-Muller tube in 1928 that the Geiger-Muller counter 
became a popular instrument for use in such as radiation dosimetry, 
radiological protection, experimental physics and the nuclear industry. This was 
mainly due to its robust sensing element and relatively low cost, however there 
are limitations in measuring high radiation rates and in measuring the energy of 
incident radiation. 


4.1.2 GM Description 


Set up equipment as shown in Fig. 1. Scaler, Timer, and High Voltage Supply may 
well be contained in one package. 


Oscilloscope 


High Voltage Supply 


Digital 
Voltmeter 


GMTube 


—— Source 


A typical Geiger-Muller (GM) Counter consists of a GM tube having a thin 
end-window (e.g. made of mica), a high voltage supply for the tube, a scaler to 
record the number of particles detected by the tube, and a timer which will stop 
the action of the scaler at the end of a preset interval. 


The sensitivity of the GM tube is such that any particle capable of ionizing a single 
atom of the filling gas of the tube will initiate an avalanche of electrons and ions 
in the tube. The collection of the charge thus produced results in the formation of 
a pulse of voltage at the output of the tube. The amplitude of this pulse, on the 
order of a volt or so, is sufficient to operate the scaler circuit with little or no 
further amplification. The pulse amplitude is largely independent of the 
properties of the particle detected, and gives therefore little information as to 
the nature of the particle. Even so, the GM Counter is a versatile device which 
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may be used for counting alpha particles, beta particles, and gamma rays, albeit 
with varying degrees of efficiency. 


4.1.3 Applications of GM 


Particle detection: 

The first historical uses of the Geiger principle were for the detection of alpha and 
beta particles, and the instrument is still used for this purpose today. For alpha 
particles and low energy beta particles the "end-window" type of G-M tube has to 
be used as these particles have a limited range even in free air, and are easily 
stopped by a solid material. Therefore the tube requires a window which is thin 
enough to allow as many as possible of these particles through to the fill gas. The 
window is usually made of mica with a density of about 1.5 - 2.0 mg/cm’? 


Gamma and X-ray detection: 

Geiger counters are widely used to detect gamma radiation, and for this the 
windowless tube is used. However, efficiency is generally low due to the poor 
interaction of gamma rays compared with alpha and beta particles. For instance, a 
chrome steel G-M tube is only about 1%efficient over a wide range of energies. 


Neutron detection: 

A variation of the Geiger tube is used to measure neutrons, where the gas used is 
boron trifluoride or Helium 3 and a plastic moderator is used to slow the neutrons. 
This creates an alpha particle inside the detector and thus neutrons can be 
counted. 


Gamma measurement—personnel protection and process control: 

The term "Geiger counter" is commonly used to mean a hand-held survey type 
meter, however the Geiger principle is in wide use in installed “area gamma" 
alarms for personnel protection, and in process measurement and_ interlock 
applications. A Geiger tube is still the sensing device, but the processing 
electronics will have a higher degree of sophistication and reliability than that 
used in a hand held survey meter. 


4.2 Scintillation Counter - Description and Applications 


4.2.1 Introduction: 


e A scintillation counter is an instrument for detecting and measuring ionizing 
radiation. 

e It consists of a scintillator which generates photons of light in response to 
incident radiation, a sensitive photomultiplier tube which converts the light to 
an electrical signal, and the necessary electronics to process the 
photomultiplier tube output. 

e Scintillation counters are widely used because they can be made inexpensively 
yet with good quantum efficiency and can measure both the intensity and the 
energy of incident radiation. 
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Fig: Schematic showing incident particles hitting a scintillating crystal, triggering 


the release of photons which are then converted into photoelectrons and 
multiplied in the photomultiplier. 


4.2.2 Description of SC 


A scintillation counter is composed of four main components: a sheet of 
scintillator, a light guide, a photomultiplier and the electronics in the p.m. 
base required to drive the photomultiplier and read out the signal. 


There are two main types of scintillator, inorganic (such as sodium iodide) and 
organic (such as a plastic like polystyrene). The passage of a charged particle 
through the material excites electrons, which can subsequently de-excite, 
emitting a photon. However, this photon would normally be of exactly the 
correct energy to be reabsorbed by the material. A small concentration of a 
wavelength shifter is therefore added. This allows rapid non-radiative 
transitions of the excited electron, reducing its energy so that the photon 
subsequently emitted is of longer wavelength and insufficiently energetic to be 
reabsorbed. The scintillator sheet is highly polished, and light is conducted 
along it by total internal reflection. 


Light must then be transmitted from the scintillator to a sensor. This is done 
by a light guide. A typical shape is that of the "fish tail", as illustrated above, 
which connects from the long thin edge of the scintillator to the circular end of 
a photomultiplier. Other, more complicated geometries are also used, for 
example to connect a number of scintillator sheets to a common 
photomultiplier, e.g. in a calorimeter. 
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1. The photomultiplier converts the optical signal to an electrical one, and 
provides a large degree of amplification. 


photomultipher 
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photocathode ‘dynodes ' “anode 


2. This consists of an evacuated glass envelope coated at one end with a 
photocathode made of alkali metals, which is maintained at a large 
negative potential. Photons liberate electrons from the cathode, which are 
accelerated towards a (less negative) dynode, and here knock out a number 
of secondary electrons. This process continues down the dynode chain, 
until eventually a large signal is collected at the anode. Typical gains are of 
the order of 10’. If the signal drives a 50 ohm load, a pulse of a few mV per 
detected photon is produced. 


3. Connections to the photomultiplier are made through the photomultiplier 
base, which contains a chain of resistors to provide the correct voltages for 
the cathode and dynodes. 


4.2.3 Applications of SC 


Scintillation counters typically have a poor spatial resolution (equal to the size 
of the counter, which can be anywhere between a square cm and a square 
metre) but, at least for small counters, a very good time resolution. They are 
also continuously sensitive, and are therefore often used as triggers for other 
types of detectors, which must have a high voltage pulse applied or a readout 
sequence initiated in order to observe a particle. 


Layers of crossed scintillation counters are also used to form a hodoscope, 
where the position of the particle can be determined from the coincidence 
between signals from counters in the different layers. 


Another application of scintillators is within calorimeters. Because of their 
short radiation length, inorganic scintillators make sensitive electromagnetic 
calorimeters, and are often used to detect medium energy gamma rays. Sheets 
of plastic scintillator between metal plates are used in sampling calorimeters. 
Here, the number of particles at a particular depth in a shower can be 
determined from the size of the pulse observed in the scintillator. 


Detectors with a good spatial resolution can be made by forming layers of 
plastic optical fibres made out of scintillator material coated with a lower 
refractive index cladding. These can typically have a diameter of 0.5 to 1 mm. 
The small size of each independent scintillator means that many readout 
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channels (typically tens of thousands) are required, and it is not practical to 
equip each one with its own photomultiplier. One solution to this is to gather 
the fibres into a bundle and connect to an image intensifier. This amplifies 
the light while maintaining an image, which can then be viewed with a CCD 
camera, and the position on the image associated with a particular fibre. 


4.3 Autoradiography - Method and Applications 


4.3.1 Introduction 


Autoradiography produces an image formed by a substance’s own radioactivity 
when exposed to a photographic film. This technique is often used for 
investigation of biological processes. 


Macroautoradiography 

Whole-body autoradiography has been widely used to trace the routes of 
molecules in metabolism. First, a radioactive tracer is administered to an 
organism by ingestion or injection. After a period of time, individual samples of 
tissue are removed and pressed directly against X-ray film for several days, to 
expose the film wherever the radioactivity has become concentrated. 
The film is then developed and viewed, frequently with the aid of a 
microscope. This process has been used to trace the uptake of nutrients by 
plants from the soil into the leaves or buds. Experimentation with whole 
organisms is called macroautoradiography. 


Microautoradiography: 

A refinement of this methodology, called microautoradiography, has been 
developed for studying subcellular structures, even those as small as individual 
strands of deoxyribonucleic acid (DNA). Much interesting information has been 
learned about the mechanisms of cell division and other processes in cell 
biology. The cells being studied are given a nutrient solution containing 
molecules that have been labeled, usuallywith radioactive tritium, carbon, or 
phosphorus. 


4.3.2 Method of Autoradiography 


After a period of incubation, some cells are transferred to a glass slide. The 
slide is dipped into a liquid photographic emulsion containing light-sensitive 
silver bromide, which clings to the slide in a thin layer. 

The slide with the cells covered by emulsion is then placed into a light-tight 
box for several days to allow time for radioactive decay. The beta particles 
from tritium cause the photographic emulsion to become exposed. 

The emulsion is then developed and fixed as any photographic negative would 
be. The developer washes the soluble silver bromide away and leaves behind 
the insoluble grains of silver, which show up as small black dots. A stain may be 
applied to show the outlines and structures within. 

Finally, the cell is examined with a microscope. Autoradiographs typically show 
the black dots of exposed silver grains against a faint background of the 
surrounding cell structure. When higher magnification and resolution are 
desired, an electron microscope can be used. 

In some studies, the radioactive nutrient is supplied to the cell for a short time 
interval, perhaps only a few minutes. 
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This procedure is called pulse-labeling. Only those molecules that are being 
freshly synthesized in the cell during the "pulse" will incorporate radioactive 
atoms. Autoradiography will then show which cells were active. 
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e When autoradiography is applied to chromosomes or other subcellular 
structures, the matter of resolution becomes very important. For high 
resolution to be obtained, the radioactive particles should have a short range 
within the photographic emulsion; the black dots of silver in the developed film 
should pinpoint the source of radioactive decay as precisely as possible. 


e Tritium works very well because it emits low-energy beta particles, which 
travel only a few millimeters in the emulsion, producing a well-localized image 
on the film. Radioactive carbon 14 emits higher-energy beta particles, so the 
silver grains in the film are more diffuse and the resolution is not as high. 


4.3.3 Applications of Autoradiography 
¢ Autoradiography has been used in biology on the macroscopic level to study the 


uptake of radioactive tracers by both plant leaves and animal organs. Since the 
1960's the technique has been applied to successively smaller structures, such 
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as individual cells, chromosomes and organelles within a cell, strands of DNA, 
and protein molecules. It is easier to understand the microscopic applications 
after first looking at a large-scale example. 


In one experiment, bean plants were grown in a nutrient solution containing 
radioactive phosphorus. The phosphorus moved from the roots to the leaves as 
expected, shown by an autoradiograph of a leaf pressed against photographic 
film. When the bean plant is allowed to continue growing in a nonradioactive 
solution, autoradiography shows that radioactive phosphorus is withdrawn from 
older leaves and translocated to new leaves and buds. Evidently, nutrients not 
only travel up from the roots but also move around the plant. 


In another experiment, a solution containing phosphorus was sprayed directly 
onto the leaf surface and was shown to migrate away from it. Redistribution of 
nutrients on an even larger scale takes place in deciduous trees, where as much 
as 90 percent of some minerals are withdrawn from leaves before they fall. 


Practical Applications 


In agricultural research, the effectiveness of herbicides, insecticides, and 
fertilizers is studied to determine which ones can increase productivity without 
Causing serious environmental problems. Radioactive phosphorus can be used in 
this regard to study plant metabolism. 

The uptake of iron or zinc from the soil and their circulation in a plant can be 
studied to ascertain the effect of soil acidity and chemical form. Sometimes the 
presence or absence of other elements can inhibit translocation of an essential 
nutrient. 

New plant growth regulators may move from one plant through the soil to a 
nearby untreated plant. Autoradiography is an important analytical technique 
for observing the route of micronutrients and discoveringwhat factors can 
change their mobility in a plant. 

The sequence of bases in DNA molecules can be decoded by using 
electrophoresis combined with autoradiography, and the study of DNA 
sequences is crucial to research in many diverse areas of biology. Although 
alternatives to using autoradiography in DNA sequencing are now common, 
autoradiography is still a standard technique used in many other aspects of 
molecular biology. 


4.4 Principle and Applications of Biosensors 


4.4.1 Introduction: 


A biosensor is an analytical device, used for the detection of an analyte that 
combines a biological component with a physicochemical detector. 

It is the sensitive biological element (e.g. tissue, microorganisms, organelles, 
cell receptors, enzymes, antibodies, nucleic acids, etc.), a biologically derived 
material or biomimetic component that interacts (binds or recognizes) the 
analyte under study. The biologically sensitive elements can also be created by 
biological engineering. 

It is the transducer or the detector element (works in a physicochemical way; 
optical, piezoelectric, electrochemical, etc.) that transforms the signal 
resulting from the interaction of the analyte with the biological element into 
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another signal (i.e., transduces) that can be more easily measured and 
quantified; 

biosensor reader device with the associated electronics or signal processors 
that are primarily responsible for the display of the results in a user-friendly 
way.'! This sometimes accounts for the most expensive part of the sensor 
device, however it is possible to generate a user friendly display that includes 
transducer and sensitive element(see Holographic Sensor). The readers are 
usually custom-designed and manufactured to suit the different working 
principles of biosensors. 


4.4.2 Principle of Biosensor system 


According to the IUPAC definition, a biosensor is a self-contained, integrated 
receptor-transducer device, which is capable of providing selective quantitative 
or semi-quantitative analytical information and which uses a_ biological 
recognition element (bio-receptor) and a transducer in direct special contact 
(Thevenot et al, 2001). A biosensor consists of three parts: (1) the sensitive 
biological element (such as tissues, microorganisms, cell receptors, enzymes, 
antibodies, nucleic acids, etc.); (2) the transducer or the detector element 
(physiochemical, optical, piezoelectric, etc.) that transforms the signal, 
resulting from the interaction between the analyte and the biological element 
into another signal that can be measured and quantified; and (3) associated 
electronics or signal processors that are primarily responsible for the display of 
the results in a user-friendly way. All these three parts are associated with an 
information management system. 


The principle of biosensors is shown in figure 1. 


a b Cc d e 
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Fig: Main components of a biosensor- (a) the biocatalyst converts the substrate to 


product. (b) the transducer which converts the reaction to an electrical signal 
(c) the amplifier, (d) the processor and (e) the display 


Enzyme-based biosensors technology relies upon the natural specificity of a 
given enzymatic protein to act selectively on a target analyte or group of 
analytes. Enzymes are catalysts bearing some excellent properties that may 
permit to perform the most complex chemical processes under the most benign 
experimental and environmental conditions. Enzyme-based biosensors have 
emerged as a valuable technique for qualitative and quantitative analysis of a 
variety of target analytes. Although biosensors based on other biorecognition 
elements are rapidly progressing, enzyme biosensors are still the ones most 
frequently used for practical applications and as model systems in scientific 
studies. 
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There are several advantages of enzyme-based biosensors: a known reaction 
mechanism, a stable bio-renewable source of material and possibilities to 
modify the catalytic properties or substrate specificity by means of genetic 
engineering or to use catalytic amplification by the modulation of enzyme 
activity with respect to the target analyte. 
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4.4.1 Applications of Biosensors 


There are many potential applications of biosensors of various types. The main 
requirements for a biosensor approach to be valuable in terms of research and 
commercial applications are the identification of a target molecule, availability 
of a suitable biological recognition element, and the potential for disposable 
portable detection systems to be preferred to sensitive laboratory-based 
techniques in some situations. Some examples are given below: 


e Glucose monitoring in diabetes patients historical market driver 

e Other medical health related targets 

e Environmental applications e.g. the detection of pesticides and river water 

contaminants such as heavy metal ions!?*! 

Remote sensing of airborne bacteria e.g. in counter-bioterrorist activities 

Detection of pathogens!?7! 

Determining levels of toxic substances before and after bioremediation 

Detection and determining of organophosphate 

Routine analytical measurement of folic acid, biotin, vitamin B12 and 

pantothenic acid as an alternative to microbiological assay 

e Determination of drug residues in food, such as antibiotics and growth 
promoters, particularly meat and honey. 

e Drug discovery and evaluation of biological activity of new compounds. 

¢ Protein engineering in biosensors!*! 

e Detection of toxic metabolites such as mycotoxins 
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